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Abstract—The sSPHENIX experiment at the Relativistic Heavy
Ion Collider (RHIC) will perform high precision measurements
of jets and heavy flavor observables for a wide selection of
nuclear collision systems, elucidating the microscopic nature of
strongly interacting matter ranging from nucleons to the strongly
coupled quark-gluon plasma. A prototype of the sPHENIX
calorimeter system was tested at the Fermilab Test Beam Facility
as experiment T-1044 in the spring of 2016. The electromagnetic
calorimeter (EMCal) prototype is composed of scintillating fibers
embedded in a mixture of tungsten powder and epoxy. The
hadronic calorimeter (HCal) prototype is composed of tilted steel
plates alternating with plastic scintillator. Results of the test
beam reveal the energy resolution for electrons in the EMCal
is 2.8% @ 15.5%/ VE and the energy resolution for hadrons in
the combined EMCal plus HCal system is 13.5% @ 64.9%/v/E.
These results demonstrate that the performance of the proposed
calorimeter system is consistent with GEANT4 simulations and
satisfies the SPHENIX specifications.

The author list is a self-identified (via the survey that was sent to the sPHENIX
list) group of collaborators who contributed to the project. 5



Introduction

* Introduction to sPHENIX

» Requirements for calorimetry:

— EMCal: compact, fine segmentation, resolution
must be 15%/E or better

— HCal: resolution 100%/+E or better for full
calorimeter system

* Prototype EMCal and
HCal tested at

Fermilab Test Beam o
Facility in Spring 2016 =




Prototype EMCal

Produced at UIUC and THP

Blocks made of tungsten embedded with '?Qﬁ
scintillating fibers ¥

Acrylic light guides on ends attach to
SiPMs

Blocks are 1D projective

2.07 cm

Each of the 32 blocks in prototype are 2 towers for a
total of 64 towers
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Prototype HCal

Produced at UNIPLAST

Consists of Inner (inside
magnet) and Outer HCal
sections

Alternating layers of scintillator
tiles and steel absorber plates

Scintillator tiles made from
extruded plastic with
embedded wavelength shifting |
fibers

Read out by SiPM
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Test Beam

Experiment T-1044 at FTBF

Beam of primary protons at 120 GeV and a
secondary mixed beam

» Calorimeters were tested |nd|V|duaIIy and in
combination
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« EMCal calibrated with MIP events from beam
« HCal calibrated with cosmic MIP events
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UIUC 10° Incident Angle

——— Fit, AE/E = 2% (5p/p) ® 1.6% @ 12.7%/\E

THP 10° Incident Angle

——— Fit, AE/E = 2% (5p/p) @ 0% @ 14%/\E

= = =+ 10° Simulation: AE/E = 2% (5p/p) @ 1.5% @ 11.4%/\E
O  UIUC 45° Incident Angle

—— Fit, AE/E = 2% (dp/p) @ 0% @ 12.1%/E

- - 45° Simulation: AE/E = 2% (5p/p) ® 0.1% @ 11.0%/\E
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Energy (GeV)

Resolution and
linearity
measured for:

(top) center of a
tower, 12.7%/E

(bottom) across a
tower, 15.5%/\E
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Beam momentum = -8 C§eV/c N>
T-1044 non-e Data - Muon Sim. \
pi, QGSP_BERT_HP (Default)

K, QGSP_BERT_HP (Default)
pi, FTFP_BERT_HP
K, FTFP_BERT_HP

- pi, k= 0.18 mm/MeV

- K, kB= 0.18 mm/MeV

6
Minimal cut on 5x5 Cluster Energy (GeV/c)

Results: ENMCal

Hadron events selected
using Cherenkov
detectors to measure
hadron rejection in the
EMCal




Resolution and linearity for electrons and hadrons
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® Electrons in HCAL
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Hadrons in HCAL
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Results EMCal+HCal

 Hadron resolution and linearity in combined
calorimeter system

« Satisfies sSPHENIX hadron energy resolution
requirements
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® EMCAL+HCALIN+HCALOUT
—— Ereo=1.000 E,

B HCALIN+HCALOUT (EMCAL MIP)
—— Ee,=0.989 E,,,,

A HCALOUT (EMCAL+HCALIN MIP)
—— E0=0.965 E,,,

EMCAL+HCALIN+HCALOUT

AE/E = 2%(8p/p) ® 13.5% ® 64.9%/VE
HCALIN+HCALOUT (EMCAL MIP)
AE/E = 2%(8plp) ® 14.5% @ 74.9%/\E
HCALOUT (EMCAL+HCALIN MIP)
AE/E = 2%(8p/p) ® 17.1% @ 75.5%/\E
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Conclusions

* Energy resolution for:

— Electrons that hit the center of the EMCal is
1.6%212.7%/NE

— Electrons without position restriction in EMCal is
2.8%¢15.5%/NE

— Hadrons in the HCal alone is 11.8%®81.1%/\E

— Hadrons in the full calorimeter system is
13.5%264.9%/NE

» Agree well with simulation
« Satisfy the sPHENIX requirements




* Thank you to all who contributed to the
paper and have provided comments on
drafts!




